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AGENT FOR PREVENTING
DETERIORATION IN VASCULAR
ENDOTHELIAL FUNCTION OR IMPROVING
VASCULAR ENDOTHELIAL FUNCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application 1s the U.S. national phase of
International Patent Application No. PCT/JP2013/067767,

filed Jun. 28, 2013, which claims the benefit of Japanese
Patent Application No. 2012-146572, filed on Jun. 29, 2012,
which are incorporated by reference in their entireties
herein.

TECHNICAL FIELD

The present invention relates to an agent for preventing or
ameliorating vascular endothelial malfunction which com-
prises citrulline or a salt thereof and serine or a salt thereof
as an active mgredient and has a higher effect of enhancing
nitrogen monoxide (NO) production.

BACKGROUND ART

Citrulline 1s a type of amino acids existing 1n a free state
and 1s not used as a substance of protein synthesis in the
body. This compound plays an important role as an arginine
precursor 1n argimine biosynthesis and as a constituting
tactor of NO cycle associated with NO supply in the body.

NO produced by vascular endothelial cells exhibits a wide
range ol physiological activities for maintaining normal
blood vessel functions such as vascular relaxation, LDL
oxidation 1nhibition, platelet aggregation inhibition, smooth
muscle cell antiproliferation, and anti-oxidation. Arterio-
sclerosis 1s a symptom that involves loss of elasticity of the
vascular wall due to increased intflammatory response in
vascular intima and cholesterol accumulation. Such a symp-
tom makes 1t diflicult to maintain a smooth blood flow and
promotes formation of blood clots. Many studies indicate a
decrease 1n NO produced by vascular endothelial cells as a
cause of this symptom. That 1s, 1t can be expected that
enhancement of NO production 1n vascular endothelial cells
prevents or ameliorates arteriosclerosis and other 1schemic
vascular diseases caused by vascular endothelial malfunc-
tion and promotes blood tlow.

It 1s reported that citrulline ingestion has an anti-arterio-
sclerosis eflect and a blood flow ameliorating effect medi-
ated by the production of NO which 1s a vasodilatation factor
(Non-Patent Document 1) and citrulline has been used
mainly in the United States as a food material for producing,
NO to ameliorate blood tflow. In Europe, citrulline 1s used as
an anti-fatigue drug 1n the form of citrulline malate.

Serine 1s one of the nonessential amino acids and plays an
important role 1n a biological function as a constituent
clement of protein, particularly by existing in the active
center of an enzyme. Further, serine 1s known as a compo-
nent whose content 1s the largest among the amino acids
contained 1n natural moisturizing factors for constantly
maintaining the water content in the skin.

Heretofore, 1t has been found that oral administration of
serine to mice m which chronic rheumatoid arthritis was
induced has an eflect of ameliorating the arthritis score
(Patent Document 1). Further, 1t 1s reported that, the average
blood pressure was decreased and the peripheral vascular
resistance was decreased 1n a transient manner (Non-Patent
Document 2) by intravenous acute administration of serine
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2

to normal rats and spontaneously hypertensive rats (SHR). A
study using an NO synthase inhibitor and a calcium-depen-
dent potassium channel inhibitor has revealed that this eflect
occurs 1ndependently of NO by relaxation of vascular
smooth muscle through the activation of calcium-dependent
potassium channels.

As described above, 1t has not been known that serine has
an ellect of promoting NO production and that a synergistic
ellect of enhancing NO production can be obtained by

combining serine and a salt thereof with citrulline or a salt
thereof.

PRIOR ART
Patent Document

Patent Document 1: JP-A-2008-222632

Non-Patent Document

Non-Patent Document 1: PNAS, 2005, Vol. 102, pp. 13681 -
13686

Non-Patent Document 2: American Journal of Physiology,
Heart and Circulatory Physiology, 2010, Vol. 298, pp.
1'789-1796

SUMMARY OF INVENTION

Problems to be Solved by the Invention

An object of the present invention 1s to provide an agent
for preventing or ameliorating a vascular endothelial mal-
function and an arteriosclerosis-related symptom caused by
the progress of vascular endothelial malfunction (e.g., an
ischemic disease such as cerebral infarction, myocardial
infarction, angina, peripheral artery occlusion, pulmonary
hypertension, or renal dysfunction) or a decrease 1n a blood
flow-related symptom (e.g., stifl shoulders, excessive sen-
sitivity to cold, swelling, erectile dysfunction, rough skin, a
memory and learning disorder, a decrease 1n attention con-
centration, and a decrease 1n exercise performance due to
decreased skeletal muscle activity), which has a higher effect
of enhancing NO production.

Means for Solving the Problems

The present mnvention relates to the following (1) to (32):
(1) An agent for enhancing NO production, comprising
citrulline or a salt thereof and serine or a salt thereof as an
active igredient.

(2) An agent for preventing or ameliorating wvascular
endothelial malfunction, comprising citrulline or a salt
thereol and serine or a salt thereof as an active ingredient.
(3) An agent for preventing or ameliorating a symptom
caused by wvascular endothelial malfunction, comprising
citrulline or a salt thereof and serine or a salt thereof as an
active mgredient.

(4) The agent for prevention or amelioration according to
(3), wherein the symptom caused by vascular endothelial
malfunction 1s an arteriosclerosis-related symptom or a
decrease 1n a blood flow-related symptom.

(5) The agent for prevention or amelioration according to
(4), wherein the arteriosclerosis-related symptom 1s an 1sch-
emic disease.

(6) The agent for prevention or amelioration according to
(5), wherein the 1schemic disease 1s at least one symptom
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selected from cerebral infarction, myocardial infarction,
angina, peripheral artery occlusion, pulmonary hyperten-
sion, and renal dysfunction.

(7) The agent for prevention or amelioration according to
(4), wherein the decrease 1 a blood flow-related symptom
1s at least one symptom selected from stifl shoulders, exces-
s1ve sensitivity to cold, swelling, erectile dysfunction, rough
skin, a memory and learning disorder, a decrease 1n attention
concentration, and a decrease 1n exercise performance due to
decreased skeletal muscle activity.

(8) A method for preventing or ameliorating vascular
endothelial malfunction, characterized by oral ingestion of
citrulline or a salt thereof and serine or a salt thereof as an
active mgredient.

(9) A method for preventing or ameliorating vascular
endothelial malfunction, characterized by ingestion of an
oral agent comprising citrulline or a salt thereof and serine
or a salt thereof as an active ingredient.

(10) A method for preventing or ameliorating vascular
endothelial malfunction, characterized by oral ingestion of
citrulline or a salt thereof and serine or a salt thereof as an
active ingredient, provided that the method for prevention or
amelioration does not include any medical practice to
human.

(11) A method for preventing or ameliorating vascular
endothelial malfunction, characterized by ingestion of an
oral agent comprising citrulline or a salt thereof and serine
or a salt thereol as an active ingredient, provided that the
method for prevention or amelioration does not include any
medical practice to human.

(12) A method for enhancing NO production, comprising a
step of administering eflective an amount of citrulline or a
salt thereot and serine or a salt thereof.

(13) A method for preventing or ameliorating vascular
endothelial malfunction, comprising a step of administering
an eflective amount of citrulline or a salt thereof and serine
or a salt thereof.

(14) A method for preventing or ameliorating a symptom
caused by vascular endothelial maltunction, comprising a

step of administering an eflective amount of citrulline or a
salt thereol and serine or a salt thereof.

(15) The method for prevention or amelioration according to
(14), wherein the symptom caused by vascular endothelial
malfunction 1s an arteriosclerosis-related symptom or a
decrease 1n a blood flow-related symptom.

(16) The method for prevention or amelioration according to
(15), wherein the arteriosclerosis-related symptom 1s an
ischemic disease.

(17) The method for prevention or amelioration according to
(16), wherein the 1schemic disease 1s at least one symptom
selected from cerebral infarction, myocardial nfarction,
angina, peripheral artery occlusion, pulmonary hyperten-
sion, and renal dysfunction.

(18) The method for prevention or amelioration according to
(15), wherein the decrease 1n a blood tlow-related symptom
1s at least one symptom selected from stifl shoulders, exces-
s1ve sensitivity to cold, swelling, erectile dystunction, rough
skin, a memory and learning disorder, a decrease 1n attention
concentration, and a decrease 1n exercise performance due to
decreased skeletal muscle activity.

(19) Use of citrulline or a salt thereof and serine or a salt
thereol for the manufacture of an agent for enhancing NO
production.

(20) Use of citrulline or a salt thereof and serine or a salt
thereol for the manufacture of an agent for preventing or
ameliorating vascular endothelial malfunction.
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(21) Use of citrulline or a salt thereol and serine or a salt
thereol for the manufacture of an agent for preventing or
ameliorating a symptom caused by vascular endothelial
malfunction.

(22) The use according to (21), wherein the symptom caused
by vascular endothelial malfunction 1s an arteriosclerosis-
related symptom or a decrease in a blood flow-related
symptom.

(23) The use according to (22), wherein the arteriosclerosis-
related symptom 1s an 1schemic disease.

(24) The use according to (23), wherein the 1schemic disease
1s at least one symptom selected from cerebral infarction,
myocardial infarction, angina, peripheral artery occlusion,
pulmonary hypertension, and renal dysfunction.

(25) The use according to (22), wherein the decrease in a
blood flow-related symptom 1s at least one symptom
selected from stifl shoulders, excessive sensitivity to cold,
swelling, erectile dysfunction, rough skin, a memory and
learning disorder, a decrease 1n attention concentration, and
a decrease 1n exercise performance due to decreased skeletal
muscle activity.

(26) Citrulline or a salt thereof and serine or a salt thereof for
use 1n enhancing NO production.

(277) Citrulline or a salt thereof and serine or a salt thereof for
use 1n preventing or ameliorating vascular endothelial mal-
function.

(28) Citrulline or a salt thereof and serine or a salt thereof for
use 1n preventing or ameliorating a symptom caused by
vascular endothelial malfunction.

(29) The citrulline or a salt thereof and serine or a salt
thereol according to (28), wherein the symptom caused by
vascular endothelial malfunction 1s an arteriosclerosis-re-
lated symptom or a decrease 1n a blood flow-related symp-
tom.

(30) The citrulline or a salt thereof and serine or a salt
thereol according to (29), wherein the arteriosclerosis-re-
lated symptom 1s an 1schemic disease.

(31) The citrulline or a salt thereof and serine or a salt
thereol according to (30), wherein the 1schemic disease 1s at
least one symptom selected from cerebral infarction, myo-
cardial infarction, angina, peripheral artery occlusion, pul-
monary hypertension, and renal dysfunction.

(32) The citrulline or a salt thereof and serine or a salt
thereol according to (29), wherein the decrease 1n a blood
flow-related symptom 1s at least one symptom selected from
stifl shoulders, excessive sensitivity to cold, swelling, erec-
tile dystunction, rough skin, a memory and learning disor-
der, a decrease 1n attention concentration, and a decrease 1n

exercise performance due to decreased skeletal muscle
activity.

ects of the Invention

[T

According to the present invention, an agent for prevent-
ing or ameliorating vascular endothelial malfunction which
comprises citrulline or a salt thereof and serine or a salt
thereol as an active mgredient, 1s sale and effective, and has
a higher eflect of enhancing NO production can be provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 represents the concentration of nitrite (NO, ) which
1s a stable NO metabolite 1n media after adding the sample
at each concentration to normal human umbilical vein
endothelial cells (HUVEC). In the figure, A represents a
control group, B represents a low-dose citrulline-added
group (0.3 mM), C represents a serine-added group (0.3
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mM), and D represents a low-dose citrulline and serine-
added group. The data are expressed as mean+SEM (stan-

dard error), and N=3.

FI1G. 2 represents the concentration of nitrite (NO,) which
1s a stable NO metabolite 1n media after adding the sample
at each concentration to HUVEC. In the figure, A represents
a control group, B represents a low-dose citrulline-added
group (0.3 mM), C represents a serine-added group (0.3
mM), D represents a high-dose citrulline-added group (3
mM), and E represents a high-dose citrulline and serine-
added group. The data are expressed as mean+SEM (stan-
dard error), and N=3. Further, * indicates that there 1s a
significant difference (P<0.03) in the high-dose citrulline
and serine-added group as compared with the control group,
T indicates that there 1s a significant difference (P<0.05) 1n
the high-dose citrulline and serine-added group as compared
with the low-dose citrulline-added group, and # indicates
that there 1s a significant difference (P<t0.05) 1n the high-
dose citrulline and serine-added group as compared with the
serine-added group.

DETAILED DESCRIPTION OF TH.
INVENTION

(1]

Examples of citrulline used in the present invention
include L-citrulline and D-citrulline, preferably L-citrulline.
Citrulline can be obtained by a chemical synthesis method,
a fermentation production method, and the like. Citrulline
can also be obtained by purchasing a commercially available
product. Examples of the chemical synthesis method for
citrulline include the methods described 1in J. Biol. Chem.,
122, 477 (1938) and J. Org. Chem., 6, 410 (1941).

Examples of the fermentation production method for
L-citrulline include the methods described in JP-A-1978-
075387 and JP-A-1988-068091. L-Citrulline and D-citrul-
line can also be purchased from Sigma-Aldrich and the like.

Examples of the citrulline salt include an acid addition
salt, a metal salt, an ammonium salts, an organic amine
addition salt, an amino acid addition salt and the like.
Examples of the acid addition salt include an morganic acid
salt such as hydrochlorides, sulfate, nitrate, and phosphate,
and an organic acid salt, such as acetate, maleate, fumarate,
citrate, malate, lactate, c-ketoglutarate, gluconate, or capry-
late.

Examples of the metal salt include alkali metal salt, such
as sodium salts or a potassium salt, an alkaline earth metal
salt, such as a magnesium salt or a calcium salt, an alumi-
num salt, and a zinc salt, and the like.

Examples of the ammonium salt include an ammonium
salt, a tetramethylammonium salt, and the like.

Examples of the organic amine addition salt include a
morpholine salt, a piperidine salt, and the like.

Examples of the amino acid addition salt include salts of
glycine, phenylalanine, lysine, aspartic acid, glutamic acid,
and the like. Among the above salts of citrulline, a malate 1s
preferably used. However, another salt, or two or more
combinations of the above salts may be optionally used.

Examples of serine used in the present invention include
[-serine and D-serine.

L-serine and D-serine used 1n the present invention may
be obtaimned by any process. Examples of the production
method for L-serine and D-serine include a fermentation
method using a microorganism, a chemical synthesis
method, an enzymatic method, and the like. L-serine and
D-serine can also be obtained by purchasing commercially
available products. For example, L-serine and D-serine can
also be purchased from Sigma-Aldrich and the like.
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L-serine and D-serine contained in the agent for prevent-
ing or ameliorating vascular endothelial malfunction of the
present mvention may exist therein i the form of a salt
thereof. Examples of the L-serine and D-serine salt include
the same as those described 1n the salt of citrulline.

In the present invention, a substance involved in the
synthesis of serine 1n the body, for example, phosphoserine,
glutamic acid, and the like can also be used 1nstead of serine.

The composition ratio of citrulline or a salt thereof and
serine or a salt thereof contained in the agent for preventing
or ameliorating vascular endothelial malfunction of the
present invention 1s 1:100 to 100:1, preferably 1:50 to 50:1,
particularly preferably 10:1 to 1:10 in weight ratio.

As the agent for preventing or ameliorating vascular
endothelial malfunction of the present invention, citrulline
or a salt thereol and serine or a salt thereof can be 1ingested
or administered as such. However, it 1s generally preferred
to provide the agent as various kinds of production forms or
preparations.

The product or preparation contains citrulline or a salt
thereol and serine or a salt thereof as an active ingredient.
However, the product or preparation may further contain any
other active ingredients. The product or preparation 1s pro-
duced by mixing the active ingredient with one or more
pharmaceutically acceptable carriers using any methods
well known 1n the technical field of pharmaceuticals.

It 1s desirable to ingest or administer the product or
preparation in the form that 1s the most effective for pre-
venting or ameliorating vascular endothelial malfunction.

Examples of the ingestion or administration form of the
product or preparation include oral ingestion or administra-
tion; parenteral administration, such as intravenous, intrap-
eritoneal, or subcutaneous administration. Preferred 1s oral
ingestion or administration.

Form or dosage form of the ingestion or administration
may be an oral preparation such as a tablet, a powder, a
granule, a pill, a suspension, an emulsion, an infusion/
decoction, a capsule, a drink, a liquid, an elixir, an extract,
a tincture, or a fluidextract, or a parenteral preparation such
as an 1njection, a drop, a cream, or a suppository. Preferred
1s an oral preparation.

Liquid preparations suitable for ingestion or oral admin-
istration such as a drink can be prepared by adding water, a
sugar such as sucrose, sorbitol, or fructose, a glycol such as
polyethylene glycol or propylene glycol, an o1l such as
sesame o1l, olive o1l, or soybean o1l, an antiseptic such as a
p-hydroxybenzoic acid ester, a preservative such as a
paraoxybenzoic acid derivative such as methyl paraoxyben-
zoate, or sodium benzoate, a flavor such as a strawberry or
peppermint tlavor.

Tablets, powders, and granules suitable for oral mngestion
or administration may be prepared by adding excipient such
as a sugar (such as lactose, white sof

t sugar, glucose,
sucrose, mannitol, or sorbitol), starch (such as potato, wheat,
Or corn), an iorganic substance (such as calcium carbonate,
calcium sulfate, sodium hydrogen carbonate, or sodium
chloride), crystalline cellulose, or a plant powder (such as
licorice powder or gentian powder); a disintegrant (such as
starch, agar, gelatin powder, crystalline cellulose, carmellose
sodium, carmellose calcium, calcium carbonate, sodium
hydrogencarbonate, or sodium alginate); a lubricant (such as
magnesium stearate, talc, hydrogenated vegetable o1l, Mac-
rogol, or silicone o1l); a binder (such as polyvinyl alcohol,
hydroxypropyl cellulose, methyl cellulose, ethyl cellulose,
carmellose, gelatin, or starch paste); a surfactant (such as
fatty acid ester); a plasticizer (such as glycerin), or the like.
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The production form or preparation suitable for oral
ingestion or administration may also contain an additive
generally used in foods and drinks, such as a sweetener, a
color, a preservative, a thickening stabilizer, an antioxidant,
a color former, a bleaching agent, an anti-fungal agent, a
gum base, a bittering agent, an enzyme, a brightening agent,
an acidulant, a flavor enhancer, an emulsifier, a toughening
agent, a production agent, a flavor, or a spice extract.

The product form or preparation suitable for oral inges-
tion or administration can be processed and produced into a
tablet, a powder, a granule, a pill, a suspension, an emulsion,
an 1nfusion/decoction, a capsule, a drink, a liquid, an elixir,
an extract, a tincture, or a fluidextract in a unit packaged
form per ingestion depending on, for example, the ingestion
duration, mngestion frequency, ingestion amount, or the like.
For example, the “unit packaged form per one mngestion™ 1s
a form 1 which the amount of ingestion per dose 1is
predetermined, and the “unit packaged form per one week to
three months™ 1s a form 1n which the amount to be mgested
for one week to three months 1s included. Examples of the
unit packaged form include a form 1n which a given amount
1s specified with a pack, a packaging, a bottle, or the like.

In the case where the product form or preparation 1s a
drink, examples of the “unit packaged form per one inges-
tion” mclude a form in which a drink obtained by suspend-
ing or dissolving S0 mg or more of citrulline or a salt thereof
and serine or a salt thereot 1s placed 1n a bottle and the like
in such a form that all the content therein should be taken at
one time per one gestion.

In the case where the mngestion frequency 1s once daily
and the daily ingestion amount 1s 300 mg, and a tablet
contains 50 mg of citrulline or a salt thereof and serine or a
salt thereof, examples of the “umt packaged form per one
week to three months™ include a form 1 which 42 to 540
tablets are packaged.

The preparation suitable for parenteral administration
such as an 1njection preferably comprises a sterile aqueous
agent which contains citrulline or a salt thereof and serine or
a salt thereotf, and 1s 1sotonic to the recipient’s blood. For
example, 1n the case of an 1njection, an 1njectable solution 1s
prepared by using a carrier consisting of a salt solution, a
glucose solution, or a mixture of a salt solution and a glucose
solution, and the like.

Also to such a parenteral preparation, one or more aux-
iliary components selected from an antiseptic, a preserva-
tive, an excipient, a disintegrant, a lubricant, a binder, a
surfactant, a plasticizer, and the like as described in the oral
preparation can be added.

The concentration of the citrulline or a salt thereof and
serine or a salt thereof 1n the agent for preventing or
ameliorating vascular endothelial malfunction of the present
invention 1s appropriately determined according to the type
of product forms or preparations, the expected eflect by the
ingestion or administration of the product or preparation,
and the like. However, the concentration of citrulline or a
salt thereotf 1s typically 0.1 to 100% by weight, preferably
0.5 to 80% by weight, and particularly preferably 1 to 70%
by weight.

The 1ngestion amount or dose and the ingestion or dosing
frequency of the agent for preventing or ameliorating vas-
cular endothelial malfunction of the present invention
depend on the ingestion or dosage form, the age and body
welght of an subject 1n need of ingestion or administration,
and the nature or seriousness of the symptom to be treated.
In general, the agent 1s given 1n a daily dose of 50 mg to 30
g preferably 100 mg to 10 g, particularly preferably 200 mg
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to 3 g for an adult 1n terms of citrulline or a salt thereof and
serine or a salt thereof, once to several times a day.

The duration of 1ngestion or administration is not particu-
larly limited. However, 1t 1s generally 1 day to 1 year,
preferably 1 week to 3 months.

The agent for preventing or ameliorating wvascular
endothelial malfunction of the present invention can be used
for the NO production-mediated prevention or amelioration
of vascular endothelial malfunction. The agent for prevent-
ing or ameliorating vascular endothelial malfunction of the
present invention can be used for the prevention or amelio-
ration of an arteriosclerosis-related symptom caused by the
progress of vascular endothelial malfunction or for the
prevention or amelioration of a decrease in a blood tlow-
related symptom. Examples of the effect expected from the
prevention or amelioration of an arteriosclerosis-related
symptom caused by the progress of vascular endothelial
malfunction 1include prevention or amelioration of an 1sch-
emic disease such as cerebral infarction, myocardial mfarc-
tion, angina, peripheral artery occlusion, pulmonary hyper-
tension, or renal dystunction. Examples of the eflect
expected from the prevention or amelioration of a decrease
in a blood flow-related symptom include prevention or
amelioration of stifl shoulders, excessive sensitivity to cold,
swelling, erectile dysfunction, rough skin, a memory and
learning disorder, a decrease 1n attention concentration, and
a decrease 1n exercise performance due to decreased skeletal
muscle activity.

Accordingly, by allowing a subject who wants to prevent
the occurrence of such a symptom or presents such a
symptom to mgest the agent for preventing or ameliorating
vascular endothelial malfunction of the present invention or
by administering the agent to the subject, such a symptom
can be prevented or ameliorated.

In addition, 1n the present invention, citrulline or a salt
thereol and serine or a salt therecof can be used for the
manufacture of the agent for preventing or ameliorating
vascular endothelial malfunction.

Further, the present invention also includes a method for
clevating NO. The method of the present invention includes

a step of allowing a subject 1n need of NO elevation to ingest
citrulline or a salt thereol and serine or a salt thereof or
administering citrulline or a salt thereof and serine or a salt
thereol to the subject in a suflicient amount for elevating the
NO level of the subject.

Still further, the present invention also includes a method
for preventing or ameliorating vascular endothelial malfunc-
tion. The method of the present invention includes a step of
allowing a subject 1n need of prevention or amelioration of
vascular endothelial maltunction to ingest citrulline or a salt
thereof and serine or a salt thereof or administering citrulline
or a salt thereol and serine or a salt thereotf to the subject 1n
a suflicient amount for preventing or ameliorating vascular
endothelial malfunction of the subject.

The following describes a test example concerning the
ellects of citrulline and serine on NO production.

Test Example

A normal human umbilical vein endothelial cells (HU-
VEC) line available from Clonetics (SanDiego, Calif., USA)
was used with EGM-2 Bullet Kit medium containing 2%
FBS (Takara Bio Inc.). The cells were cultured at 37° C. 1n
a 5% CO, mcubator, and used for experiments after 4 to 6
passages. Citrulline and serine, which were manufactured by
Kyowa Hakko Bio, were used.
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A cell suspension (0.45 mL) with the adjusted 1mitial cell
density to 1x10° cells/mL was inoculated in a 24-well plate
(IWAKI). After 24-hour culture, the medium was replaced
with a medium containing L-citrulline (final concentration
0.3 mM: low-dose citrulline group, or final concentration 3
mM: high-dose citrulline group), L-serine (final concentra-
tion 0.3 mM: serine group), or a mixture thereotf (citrulline
final concentration 0.3 mM and serine final concentration

0.3 mM: low-dose citrulline+serine group, or citrulline final
concentration 3 mM and serine final concentration 0.3 mM:

high-dose citrulline+serine group). In a control group, a
medium to which only a solvent (PBS) was added was used.
After 48-hour culture, the culture broth (100 L) was centri-
tuged at 12,000 rpm for 10 minutes, and the concentration
of nitrite (NO,), which 1s a stable NO metabolite, in the
culture supernatant was determined by HPLC (ENO-20,
EICOM).

Further, we confirmed that the cell viability was not
allected 1n all of the addition groups in this test n MTT
assay.

Although 1t 1s known that citrulline has an NO production
activity, as shown i FIG. 1, 1n the low-dose citrulline+
serine group in which the low-dose citrulline group which
uses citrulline in the concentration range that does not aflect
NO production alone and the serine group were combined
and added together, the NO level increased by about 32% as
compared with that in the control group, and therefore, a
remarkable eflect of promoting NO production was
observed. Further, as shown 1 FIG. 2, m the high-dose
citrulline+serine group in which the high-dose citrulline
group 1n which NO production was enhanced by citrulline
alone and the serine group were combined and added
together, the NO level increased by about 35% as compared
with that 1in the control group, and therefore, a significant
ellect of promoting NO production was observed. This was
a remarkable increase also as compared with that 1in the
high-dose citrulline group. These results revealed that by
using citrulline and serine 1n combination, the NO produc-
tion activity 1s synergistically and eflectively promoted
without affecting the viability and proliferation ability of
vascular endothelial cells, and thus, 1t was demonstrated that
the agent of the present invention 1s an excellent agent for
preventing or ameliorating vascular endothelial malfunc-
tion.

Examples of the present invention are described below.

Example 1

Production of Tablet Containing Citrulline and Serine
L-Citrulline (120 kg), L-serine (120 kg), cyclic oligosac-
charide (19 kg), cellulose (37 kg), and pullulan (1 kg) were
granulated using a fluidized-bed granulation dryer. The
resulting granulated material 1s mixed with calcium stearate
(3 kg) 1 a conical blender and compression molded in a
rotary compression molding machine to produce tablets.

Example 2

Production of Enteric-Coated Tablet Contaiming Citrulline
and Serine

The surfaces of the tablets produced in Example 1 are
coated with a shellac solution to produce enteric-coated
tablets.

Example 3

Production of Enteric-Coated Capsule Containing Citrulline
and Serine
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L-Citrulline (120 kg), L-serine (120 kg), cyclic oligosac-
charide (19 kg), cellulose (57 kg), calcium stearate (3 kg),
and pullulan (1 kg) are mixed 1n a conical blender. The
resulting mixture (20 kg) 1s mixed and stirred with silicon
dioxide (0.2 kg), and the resulting mixture 1s charged into a
capsule filling machine to fill hard capsules with the mixture,
whereby hard capsules are obtained. The surfaces of the
obtained hard capsules are coated with a zein solution to
produce enteric-coated capsules.

Example 4

Production of Drink Containing Citrulline and Serine (1)

L-Citrulline (1.28 kg), L-serine (1.28 kg), erythritol (3
kg), citric acid (0.05 kg), an artificial sweetener (3 g), and a
flavor (0.06 kg) are stirred and dissolved 1n water (350 L) at
a liquid temperature of 70° C. After being adjusted to pH 3.3
with citric acid, the solution 1s sterilized using a plate
sterilizer and charged into a bottle, followed by sterilization
with a pasteurizer to produce a drink.

Example 5

Production of Drink Containing Citrulline and Serine (2)
Citrulline (20 mg), L-serine (20 mg), and arginine (20 mg)
are mixed with an appropriate amount of high fructose com
syrup, salt, citric acid, a flavor, sodium citrate, calcium
lactate, 1ron pyrophosphate, calcium gluconate, potassium
chloride, magnesium chloride, and a sweetener to produce a

drink (555 ml).
Example 6

Production of Drink Containing Citrulline and Serine (3)
Citrulline (100 mg), L-serine (100 mg), arginine (100

mg), alanine (2.5 mg), glycine (2.5 mg), leucine (2.5 mg),

isoleucine (1.3 mg), and valine (1.3 mg) are mixed with an

appropriate amount of a flavor and a sweetener to produce
a drink (300 ml).

Example 7

Production of Skin Toner Contaiming Citrulline and Serine

Ethanol (10.0% by weight), L-citrulline (2.0% by weight),
L-serine (2.0% by weight), 1,3-butylene glycol (5.0% by
weight), and purified water (83.0% by weight) are mixed to
produce a skin toner.

Example 8

Production of Cream Containing Citrulline and Serine

Polyethylene glycol (PGES53S), monostearate (2.00% by
weight), self-emulsitying glyceryl monostearate (5.00% by
weight), cetyl alcohol (4.00% by weight), squalane (6.00%
by weight), 2-ethylhexanoic acid triglyceride (6.00% by
weight), 1,3-butylene glycol (7.00% by weight), L-histidine
(3.00% by weight), L-citrulline (1.00% by weight), L-serine
(1.00% by weight), and purified water (66.00% by weight)
are mixed to produce a cream.

Example 9

Production of Lotion Containing Citrulline and Serine
L-Citrulline (3.00% by weight), L-serine (3.00% by
weight), L-serine (1.00% by weight), water-soluble collagen
(1% aqueous solution; 1.00% by weight), sodium citrate
(0.10% by weight), citric acid (0.05% by weight), licorice
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extract (0.20% by weight), 1,3-butylene glycol (3.00% by
weight), and purified water (91.65% by weight) are mixed to
produce a lotion.

Example 10

Production of Facial Mask Containing Citrulline and Serine

Polyvinyl alcohol (13.00% by weight), L-aspartic acid
(1.00% by weight), L-citrulline (5.00% by weight), L-serine
(5.00% by weight), lauroyl hydroxyproline (1.00% by
weight), water-soluble collagen (1% aqueous solution;
2.00% by weight), 1,3-butylene glycol (3.00% by weight),
cthanol (5.00% by weight), and purified water (70.00% by
weilght) are mixed to produce a facial mask.

Example 11

Production of Beauty Liquid Containing Citrulline and
Serine

Hydroxyethyl cellulose (2% aqueous solution; 12.0% by
weight), xanthan gum (2% aqueous solution; 2.0% by
weight), L-citrulline (2.0% by weight), L-serine (2.0% by
weight), 1,3-butylene glycol (6.0% by weight), concentrated
glycerin (4.0% by weight), sodium hyaluronate (1% aqueous
solution; 5.0% by weight), and purified water (69.0% by
weight) are mixed to produce a beauty liquid.

The invention claimed 1s:

1. A method for enhancing nitrogen monoxide (INO)
production 1n a subject, comprising a step of orally admin-
istering an eflective amount of (a) citrulline or a salt thereof
and (b) serine or a salt thereot, in a weight ratio of citrulline
to serine of 1:1 to 10:1, to the subject, wherein the subject
1s a human with normal NO production and the subject 1s 1n
need of enhanced NO production, thereby enhancing NO
production in the subject.

2. The method of claim 1, wherein the citrulline 1s
L-citrulline.

3. The method of claim 1, wherein the serine 1s L.-serine.

4. The method of claim 1, wherein the citrulline 1is
L-citrulline and the serine 1s L-serine.

5. The method of claim 1, wherein (a) the citrulline or a
salt thereof and (b) the serine or a salt thereof are orally
administered to the subject 1n a composition with a weight
ratio of citrulline to serine of 1:1 to 10:1.
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6. The method of claim 5, wherein the citrulline 1s
L-citrulline and the serine 1s L-serine.

7. The method of claim 5, wherein the weight ratio of
citrulline to serine 1n the composition 1s 1:1.

8. The method of claiam 7, wherein the citrulline 1s
L-citrulline and the serine 1s L-serine.

9. The method of claim 1, wherein the citrulline or salt
thereol and serine or salt thereof are orally administered to
the subject 1n a tablet, a powder, a granule, a pill, a
suspension, an emulsion, an mnfusion/decoction, a capsule, a
drink, a liquid, an elixir, an extract, a tincture, or a fluidex-
tract.

10. A method for enhancing nitrogen monoxide (NO)
production 1n a subject, comprising a step of orally admin-
istering an effective amount of (a) citrulline or a salt thereof
and (b) serine or a salt thereot, 1n a weight ratio of citrulline
to serine of 1:1 to 10:1, to the subject, wherein the subject
1s a human with normal NO production, thereby enhancing
NO production in the subject.

11. The method of claim 10, wherein the citrulline 1s
L-citrulline.

12. The method of claim 10, wherein the serine 1s L-ser-
ne.

13. The method of claam 10, wherein the citrulline 1s
L-citrulline and the serine 1s L-serine.

14. The method of claim 10, wherein (a) the citrulline or
a salt thereof and (b) the serine or a salt thereof are orally
administered to the subject 1n a composition with a weight
ratio of citrulline to serine of 1:1 to 10:1.

15. The method of claam 14, wherein the citrulline 1is
L-citrulline and the serine 1s L-serine.

16. The method of claim 14, wherein the weight ratio of
citrulline to serine in the composition 1s 1:1.

17. The method of claam 16, wherein the citrulline 1s
L-citrulline and the serine 1s L-serine.

18. The method of claim 10, wherein the citrulline or salt
thereol and serine or salt thereof are orally administered to
the subject 1n a tablet, a powder, a granule, a pill, a
suspension, an emulsion, an mfusion/decoction, a capsule, a
drink, a liquid, an elixir, an extract, a tincture, or a fluidex-
tract.
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